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Accuracy for Detection of Incipient Caries Lesions
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The aim of study was to evaluate the accuracy of the near-infrared light transillumination technique used in
the detection of the proximal incipient dental caries. The study was performed on 12 medium caries risk
subjects (mean age of 26.5). A total number of 312 proximal dental surfaces from the posterior dental group
were included in the study. All the proximal surfaces, which had not been restored, or unaffected by cavitated
dental caries, were assessed by a near-infrared transillumination camera system using light with a 780nm
wavelength (DIAGNOcam, KaVO). Bitewing radiographies were performed for all patients included in
study. Visual and tactile examination after tooth separation was performed as gold standard to detect the
incipient proximal dental caries (ICDAS scores 02 and 03). Statistical analysis using Chi-square test was
performed to compare the diagnostic performance of near-infrared light transillumination and the bitewing
radiography. Near-infrared light transillumination showed higher sensitivity (81.80%) when compared to
bitewing radiography (65.90%) to detect the non-cavitated proximal enamel caries (ICDAS score 02). Near-
infrared light transillumination method showed higher sensitivity (100%) when compared to bitewing
radiography (81.50%) to detect the incipient cavitated proximal enamel caries (ICDAS score 03).  Specificity
values for proximal incipient dental caries (ICDAS codes 02 and 03) were 95.03% for near-infrared light
transillumination and 99.18% for bitewing radiography. DIAGNOcam (KaVO) is a reliable tool with high
diagnostic accuracy of the incipient dental caries localized on proximal surfaces of the posterior dental
group.
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Traditionally, dental practitioners were focused on the
detection of the dental caries in the cavitation stage as
well as on the invasive, operative treatment. The restorative
approach has remained for many decades the main
therapeutic strategy for dental caries control, but it was
associated to high rate of failures, due to the flaws of
adhesive systems and composite materials. A new
concept based on the remineralization of the non-cavitated
enamel caries was introduced in the dental practice [1].
The preventive measures reduced drastically the
epidemiology of occlusal dental caries, but early proximal
caries seems to represent a challenge for modern dentistry.
The researches proved the remineralization of white-spot
carious lesions on smooth enamel surfaces with direct
access to saliva with normal pH and high calcium and
phosphate ions concentration [2, 3]. The early detection of
the proximal enamel demineralization offers the possibility
for non-invasive or minimal invasive interventions based
on fluoridation [4], applications of remineralization
products [5], or infiltration (ICON method) [6].

In the diagnostic of the incipient proximal caries clinical
examination alone has low values of sensitivity (correctly
identified demineralized enamel and dentine surfaces) and
specificity (correctly identified sound enamel and dentine
surfaces) [7]. The introduction of new clinical scores
system for caries lesions detection (ICDAS), based upon
the histological extent of demineralization, allows better
quality information, as well as appropriate diagnosis,
prognosis and clinical management of dental caries [8].
However, when proximal demineralization enamel areas
must be detected, this system can be used effectively only
after the tooth separation. Widely used for the detection of
proximal caries lesions, byte-wing radiography (BW) has
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high specificity, but the sensitivity is highly dependent on
the extent of caries damage to the dentine [9]. Near-
infrared light transillumination (NILT) is one of the novel
dental technologies that have emerged in the dental
practice. This technology is based on a specific light of 780
nm wavelength emitted by a laser diode that can penetrate
dental crowns, gingiva, alveolar process and dental roots.
The demineralization areas stop the penetration of light
and are displayed as dark shadows. The advantages are
as follows: system motivating for patients due to images
of demineralization areas displayed immediately at high-
resolution screening, it facilitates the communication
dentist-patient, can be repeated to compare the previous
results with new results [10]. The use of this technology is
encouraged by the recommendation of International
Commission on Radiological Protection for the decrease
of dose radiation in all fields of medicine, including dental
medicine [11].

The aim of study was to evaluate the accuracy of near-
infrared light transillumination technique used in early
proximal caries lesions detection.

Experimental part
Materials and methods

The study was conducted on 12 subjects (6 females, 6
males) with age between 18 and 34 (mean age 26.5). The
patients were selected from M. Kogalniceanu  Dental Clinic,
Faculty of Dental Medicine, Grigore T.Popa University of
Medicine and Pharmacy Iasi. The sample consisted of 140
molars proximal surfaces and 172 premolars proximal
surfaces. The inclusion criteria for the study were as
follows: (1) patients’ age between 18-35; (2) medium
cariogenic risk; (3) untreated proximal surfaces of molars
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and premolars; (4) proximal surfaces of molars and
premolars unaffected by cavitated dental caries. The
exclusion criteria for the study were as follows: (1) teeth
with proximal cavitated carious lesions; (2) teeth with
shadow of discolored dentin visible through an apparently
intact marginal ridge. Subjects were required to be available
during the study, and to sign an informed consent. It was
provided an informed consent about the aims to all
participants. The data file remained anonymous, and the
identity of the participants was protected. The study was
done in accordance with the Ethical Committee regulations
and in accordance to some published models [12]. The
assessment of the dental proximal surfaces (according to
inclusion criteria), by using visual and tactile examination
and intraoral camera examination after teeth separation
with interdental elastic wedges (TDV, Brasil), was
performed as gold standard. ICDAS system was used for
the detection of the incipient proximal caries. The
definitions of ICDAS scores 02 and 03 for the proximal
surfaces are as follows:  score 02- distinct visual change in
enamel visible when wet; score 03- initial breakdown in
enamel due to caries without clinical visual signs of dentinal
involvement [13].

All patients underwent bitewing radiography and the
assessment of proximal dental surfaces by near-infrared
transillumination camera system using light with a
wavelength of 780 nm. The bitewing radiographs were
taken using exposure parameters set at 70 kV, 7 mA, with
0.16–0.20 s exposure time. For near-infrared light
transillumination technique, DIAGNOcam 2170U (Kavo,
Biberach, Germany) was used with the KaVo integrated
desktop (KID) software V 2.4.2 and replaceable tips for
adults. Images were obtained and recorded, using the
camera at different angles from the proximal areas of
molars and premolars. The best angle image was saved in
the patient’s virtual chart. The image obtained from the
camera was evaluated according to the Hinze classification
[14]: 0 - light transmission unchanged; 1 - shadow visible
in the enamel; 2 - shadow visible in the dentin. The observer
was a specialist dealing with caries detection as a daily
routine activity.

The sensitivity and specificity of the near-infrared light
transillumination technique and bitewing radiography were
calculated for proximal incipient caries having ICDAS
scores of 02 and 03. To calculate sensitivity and specificity
it was used the next formula: Sensitivity = True positives/
(True positive + False negative); Specificity = True
negatives/(True negative + False positives). Statistical tests
were performed to compare near-infrared light
transillumination sensitivity and specificity to byte-wing
radiography in early proximal caries detection. The
statistical data analysis was performed in SPSS 20.0 (SPSS,
Chicago, IL, USA). Excel sheet were used to generate tables.

Chi-squared tests were used to investigate the difference
between the accuracy of the two investigation methods.
The level of statistical significance was set at 0.05.

Results and discussions
Following visual and tactile examination and intraoral

camera examination after teeth separation (gold standard),
241 proximal surfaces (77.2%) were found as healthy and
71 proximal surfaces (22.8%) were identified with early
caries as follows: ICDAS 02 (44 proximal surfaces -14.1%);
ICDAS 03 (27 proximal surfaces -8.7%). In the group of
proximal dental surfaces scored with 02 in ICDAS system
bitewing radiography detected 29 proximal surfaces with
early demineralization (sensitivity 65.9%). In the group of
the proximal dental surfaces scored with 02 in ICDAS
system, near-infrared light transillumination detected 36
proximal surfaces with early demineralization (sensitivity
81.8%). In the group of the proximal dental surfaces scored
with 03 in ICDAS system  bitewing radiography detected
22 proximal surfaces with early demineralization
(sensitivity 81.5%). In the group of the proximal dental
surfaces scored with 03 in ICDAS system  near-infrared
light transillumination detected 27 proximal surfaces with
early demineralization (sensitivity 100%). The research also
investigated the specificity of bitewing radiography and
near-infrared light transillumination. Bitewing radiography
detected two proximal dental surfaces with early
demineralization (false positive) and near-infrared light
transillumination detected 12 proximal surfaces with early
demineralization (false positive) that were not confirmed
with incipient carious lesions in the gold standard
examination. Reporting these results to the total number
of healthy proximal dental surfaces (241), the specificity
values were 95.03% for near-infrared light transillumination
and 99.18% for bitewing radiography.

The results of statistical analysis are presented in table
1. Near-infrared light transillumination detected more
proximal surfaces scored as 02 in ICDAS system when
comparing to bitewing radiography, but the differences
were not statistically significant (p = 0.549, p > 0.05).
Near-infrared light transillumination detected more
proximal surfaces with early dental caries (scored with 02
and 03 in ICDAS system) when comparing to bitewing
radiography, but the differences were not statistically
significant (p = 0.832, p > 0.05). No significantly statistical
differences were found between sensitivity of bitewing
radiography in the detection of the proximal dental surfaces
scored as 03 versus those scored as 02 in ICDAS system
(p = 0.157, p > 0.05). Significant statistical differences
were found for near-infrared light transillumination to detect
proximal dental surfaces scored as 03 in ICDAS system
versus those scored as 02 (p = 0.019). Specificity of near-
infrared light transillumination was lower when compared

Table 1
CHI-SQUARED TEST FOR COMPARISONS BETWEEN NEAR-INFRARED LIGHT TRANSILLUMINATION AND BITEWING RADIOGRAPHY

(SENSITIVITY, SPECIFICITY)

Fig.1. Incipient proximal dental caries detected after teeth
separation: a-ICDAS score 02 (1.6-mesial surface);

b- ICDAS score 03(2.6-mesial surface)
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with bitewing radiography, but the differences were not
statistically significant (p = 0.745, p > 0.05).

Figures 1a and b  show incipient proximal caries
detected in intraoral camera examination after teeth
separation. Near-infrared light transillumination and
bitewing radiographic aspects of the investigated dental
proximal surfaces are presented in table 2.

A special care must be addressed to proximal surfaces
when are detected factors that increase the caries risk
[15-17]. These demineralization areas progress slowly,
allowing secondar y preventive strategies to be
implemented when the lesions have the greatest
opportunity to arrest [18-20].

The present randomized clinical and paraclinical study
investigated the sensitivity and specificity of near-infrared
transillumination technique regarding the detection of early
proximal caries on a group of medium caries risk patients.
The sensitivity and specificity are used to describe and
quantify the diagnostic accuracy of a test [21]. The visual
and tactile examination associated with examination with
intraoral camera after tooth separation was referred as
gold standard. We used a group of patients with medium
cariogenic risk, and not a sample with high caries
prevalence, higher than in real clinical situations, to avoid
an overestimation of test sensitivity at disease level. Also,
by including the medium caries risk patients, and not a
sample with low caries prevalence, we avoided the
inclusion of too many sound surfaces that would cause an
overestimation of specificity [21]. During the study, we
focused on the avoidance of the false positive diagnostic
as researchers consider now that the detection of the
caries lesions should be focused on the elimination of sound
surfaces, instead on the detection of false positive
diagnostic that would lead to overtreatment and
unnecessary invasive treatments [22].

Only a few studies have been conducted with clinical
validation and aimed to determine the diagnostic
performance of near-infrared light transillumination in the
detection of early proximal caries lesions. In our study we
found an underestimation of caries lesions with  ICDAS
score of 02 in byte-wing radiography, as only 65.90% was
detected using this additional method. This result is in

correlation with a research that found the detection of
enamel caries by Rx only for the dental surfaces with at
least 30% demineralization [23]. Also, overlapping layers
(the carious lesion covered by orthodontic appliances or
by hard dental tissue of the adjacent dental crown) may
lead to the lower sensitivity and underestimation of the
depth of the carious lesion [24]. Regarding near-infrared
light transillumination, a higher percent of early proximal
demineralization areas was detected (81.80%), proving the
superiority of this diagnostic method over byte-wing
radiography. Near-infrared light transillumination detected
all proximal surfaces with ICDAS score of 03 (associated
with incipient cavitation in enamel), while only 81.50%
were detected by using bitewing radiography. The results
of our study are in accordance with recent researches that
compared near-infrared light transillumination with
bitewing radiographs [35-40]. Ozkan et al. [25] found
similar sensitivity (0.82-0.83) for near-infrared light
transillumination and bitewing radiography, significantly
higher than visual and tactile examination (0.51) in the
detection of early proximal dental caries. Similar results
regarding sensitivity and specificity of near-infrared light
transillumination and bitewing radiography were found in
vivo by Baltacioglu et al. [26]. In an in vitro study Abogazalah
et al. [27] found, higher values for sensitivity and specificity
when near-infrared light transillumination (0.68/0.93) was
compared with digital radiography (0.50/0.64). In a clinical
study, Kûhnisch et al. [28] open and validated as reference
standard proximal caries with diagnostic accuracy 99.2%
for near-infrared transillumination and 96.1% for digital
radiography, values significantly higher than laser-
fluorescence (66.7%) or visual inspection. Sõchtig et al.
[29] found in vivo that near-infrared light transillumination
have similar diagnostic performances as that of bitewing
radiographs in the examination of proximal surfaces.  In
vitro researches performed by Maia et al. [30] found better
sensitivity and specificity for the detection of early
approximal caries by near-infrared light transillumination
(0.88; 0.72) comparing to bitewing radiography (0.53;
0.72).

The clinical validation is reported as usual limitation of
similar in vivo studies, due to ethical rules, because of
potential overtreatment. Our study overpassed this

Table 2
NEAR-INFRARED LIGHT

TRANSILLUMINATION AND
RADIOGRAPHIC ASPECTS



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 70♦  No. 4 ♦ 20191336

limitation by using ICDAS system in the assessment of the
proximal surfaces. The evaluation of the proximal surfaces
by only one observer made impossible to calculate
reproducibility. Further studies should be conducted with
inclusion of two observers for diagnosing the early proximal
caries. Also, a study performed on teeth planned for
orthodontic extractions could allow clinical validation and
the assessment of the diagnostic accuracy in relation to
the histological depth of the proximal demineralization.

Conclusions
This study demonstrated that DIAGNOcam (KaVO) is a

reliable tool with high diagnostic accuracy of the incipient
dental caries localized on proximal surfaces of the posterior
dental group. The sensitivity of DIAGNOcam (KaVO) is
higher when compared with bitewing radiography, but not
statistically significant. Bitewing radiography has higher
specificity than near-infrared light transillumination,
without significant statistical differences.

Acknowledgments. Special acknowledgment to HTP Medical that
provided near-infrared light transillumination device DIAGNOcam
(KaVO, Germany) during the study period.
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